Introduction
Labour productivity (LP) is the measure of the total amount of gross domestic product (GDP) produced by a labour hour. It evaluates the efficiency of labour and measures the economy's capability to channel the available human resources to generate output (Pilat, 1996) .Contemporary literary works on economic growth highlighted productivity growth as the primary driving force to attain long-term per capita growth (Hall and Jones, 1999) . Sustainable economic growth and higher living standards have a significant positive correlation with LP (Andersan and Spange, 2012) .The ways to achieve LP growth is to increase the amount of physical and human capital available to the economy (Sharp, 2007) .
Remittances are funds transferred by the expatriates' mainly overseas workers to the home country. It is creating an excellent financial market in which resources and funds are transferred from people with an excess of available to people who has a shortage (Mishkin, 2007) . In 2017, developing countries received US$ 442 billion from international migrants, which accounted for about 75% of global remittances flow (World Bank, 2017a) . For developing countries, one of the biggest challenges is to achieve and maintain growth in productivity (APO, 2016) . Labour exporting developing economies are credit constrained and need lots of investment in the form of capital to facilitate LP growth (Stark and Bloom, 1985) . Remittances available for investment can ease off constraints and drive LP growth through the optimization of the labour-capital ratio and help to achieve balanced growth in the long-run (Al-Mamun et al, 2015) . Thus, migration facilitates productive assets accumulation (Chiodi et al, 2012) .
Remittances from migrant workers' to their families have also counter effects on the supply of labour and productivity of the country of origin (Drinkwater et al, 2003) . Under labour-leisure framework, a person's choice between labour and leisure due to an increase in non-labour income, results in choosing more relax instead of labour and supply of labour in the labour market decreases (Nicholson and Snyder, 2008; Borjas, 2016) . Similarly, remittances raise the income of the unemployed family members, which increase dependency as well as unwillingness to work (Airola, 2008; Bussolo and Medvedev, 2007) . It negatively affects the supply of labour particularly the labour force participation rate ((Amuedo-Dorantes and Pozo, 2004; Kim, 2007) , which can be termed as a moral hazard problem (Chami et al, 2003) . Therefore, there is a possibility of low domestic labour participation, high unemployment, and overall lower LP (Chami et al, 2005; Barajas et al, 2009; Ssozi and Asongu, 2016) .
The Bangladesh economy has undergone through structural changes in the different development stage since its inception in 1971. Bangladesh economy gradually moved from an agricultural to a more industrialized and service-oriented economy (Raihan, 2016) . After a slow start during the 1970s, the economy of Bangladesh is growing at a strong speed.Since 2010, Bangladesh has been maintaining average 6.2% growth rate which is higher than many developing countries in South East Asia (World Bank, 2017b) . LP growth has contributed to this growth with available large labour force (World Bank, 2012) . The economic potential of Bangladesh relies on the successful transformation of its labour into productive resources. However, limited job creation capacity makes it difficult to manage employment for the young age population. Under this circumstance, international migration from Bangladesh has reduced the quantity of unemployed labour. Bangladesh has sent estimated 10 million migrant workers globally and experienced a significant increase in remittances inflow from US$ 0.78 billion in 1990 to US$13.7 billion up to 2016 (BMET, 2017 . Remittances inflow from migrants can accumulate capital, to resolve the capital-scarcity problem in Bangladesh and increase productivity. Remittances have an important share to GDP and gross savings with broader socio-economic impact, and the contribution of remittances is inevitable in the economic growth of developing countries including Bangladesh (Fayissa and Nsiah, 2010; Balde, 2011; Akter, 2016) . But economic growth in the long-run is better reflected through LP growth and it is the ultimate target of any economic growth strategy. Nevertheless, the studies concerning remittances and LP relationship in Bangladesh is very few and the findings are ambiguous (Al-Mamun et al, 2015) . Therefore, it is important to investigate the LP effects of international migration and subsequent remittances inflow.
The Solow-Swan model is a popular neo-classical economic growth model that helps to determine the relationship between LP, savings and population growth rate (Mankiew et al, 1992) . Robert Solow got the noble prize for developing and implementation of this simplified model. This model is suitable with the international setting and able to explain differences in standard of living (Mankiew et al, 1992) . Economists use this model to estimate the separate effects of capital, labour and technological progress on economic growth. This model is mathematically easy to apply because of its nonlinear system. Despite the increasing importance of remittances in the capital flows of Bangladesh, the relationship between remittances and LP growth has not been studied adequately yet. Therefore, we have conducted the study to observe the long-term impact of remittances on LP in the presence of both physical and human capital of Bangladesh. This study has explored the impact of remittances on LP growth under 'the Solow-Swan growth model' using the data of a sample period of 1976-2014.
Materials and Methods

Empirical Framework
To fulfill the objective of the study, we applied the Solow-Swan growth model with exogenous savings rate and human capital as discussed in Barroand Sala-iMartin (1999) . This model is a supply-side economic growth model under neo-classical production function that can explain the relationship among productivity, factors of production and total factor productivity. Remittances are included in the model as the proxy of capital.
Basic equation of the model:
The model started with the following neoclassical production function with underlying assumptions of constant return to scale and positive but diminishing returns,
Where = Output, K = capital stock and L = Labour.
In its intensive form, to determine output per unit of labour i.e., productivity; the production function showed in Equation 1 could be written as; 
The steady state level of capital * and output * the Equation (2) could be rewritten as; * = ( * )
For simplification, by taking natural log on both side of the equation we got,
Construction of remittances induced model: In order to construct remittances induced model, we were required to show the change in capital stock with response to remittances inflow. Net increase of physical capital equals gross investment less depreciation and expressed as;
Where, is the investment, s is the fraction of output saved i.e., savings rate such that 0≤ ≤ 1. is the rate of depreciation of capital, such that > 0.
Then we assumed that remittances inflow would increase investment into the productive sector, which would increase the stock of physical capital. Then the Equation 4 would take the following form;
To determine Change in capital stock per unit of labour we divided both sides of the Equation 6 by L. Thus, we got,
Where, r = / is the remittance per unit of labour and ̇/ is the change in capital per labour input.
Later on, ̇/ was written as a function of k by using the following condition,
Where, = ̇ ⁄ is growth rate of population, given ≥ 0and ̇= marginal increase of capital per labour input.
Then, substituting the value of ̇/ from equation (6) into equation (7), we got, the fundamental differential equation of the Solow-Swan growth model including remittance regarded as the proxy of capital.
Finally, following Equation 4 the equation for longterm level of capital per labour input was written as,
Human capital added model: Recognizing the importance of human capital for economic growth as described under Solow, (1956) and Mankiw et al, (1992) we added human capital in our study to overcome misspecification problem. If there is an effect of human capital, omitting human capital term biases the co-efficient on savings rate and population growth rates. As a proxy for the level of human capital,this study added government expenditure for education per labour input denoted by ℎ. Therefore, the equation after adding human capital accumulation took the following form; * = * ( , + , , ℎ)
From the relationship expressed in the above equation, we expected that savings rate (s) and human-capital accumulation (h) would affect output growth positively whereas population growth rate (n) and depreciation rate of capital (δ) would affect output growth negatively. Remittances inflows were assumed to augment the capital stock of the country. In addition, government investment into human capital was assumed to increase the efficiency of labour.
Model specification
Based on the conceptual framework, according to equation (12), the empirical model can be written as;
In order to determine the long run impact of remittances on LP, this study added remittance square as an explanatory variable. This facilitated answering the question whether the marginal increase of remittance plays positively or negatively in the long run. The study estimatedassuming both linear and nonlinear relationship between remittance and LP once in the presence of human capital and then in absence of human capital. In order to find better estimation and consistent model, the following four equations have been estimated.
Model 1:
Model 2:
Model 3:
Model 4:
Where, is the constant, , , , and are the coefficient of respective variables associated with and indicates error term.
Empirical test
Unit Root Test: Before performing cointegration test for investigating long-term relationships among variables it is necessary to ensure that all the variables under consideration are stationary and integrated of the same order. The Augmented Dickey-Fuller (ADF) (Dickey and Fuller, 1979) and Phillips-Perron (PP) Unit Root Tests (Philips and Perron, 1988) were estimated to ensure the stationarity of the variables.
Cointegration test:
This study applied Johansen's (Johansen, 1988) technique in order to establish how many cointegration equations exist between variables.
The Maximum Eigen value test and the Trace test. The Maximum Eigen value statistic tests the null hypothesis of cointegrating relations against the alternative of r+1 cointegrating relations for r = 0, 1, 2…n-1. This test statistics is computed as:
Where, λ is the Maximum Eigen value and T is the sample size.
Trace statistics investigate the null hypothesis of r cointegrating relations against the alternative of n cointegrating relations, where n is the number of variables in the system for r = 0, 1, 2…n-1. The equation is computed according to the following formula:
Definition of variables and collection of data
The study considered LP (y) expressed as the ratio of inflation-adjusted GDP and employed labour forces as the dependent variable. Remittances received internationally per employed labour (r), was the basic endogenous variable. Among other endogenous variables, gross fixed capital formation per employed labour (s) was a proxy for savings rate. Government expenditure for education per employed labour (h) was a proxy for human capital. The variable dataset ranged from 1976-2014. It is noteworthy to mention that all the variables were in domestic currency to remove exchange rate effect. Expenditure for Education data collected from BER (2017). The data of population growth rate has been collected from WDI (2017). Depreciation estimates are important for productivity measures (Baldwin et al, 2005) . We assumed a constant rate of 5% depreciation of capital as used in an example in Barro and Sala-iMartin (1999) .
Results and Discussion
We tested each of the variables to determine its order of integration. 
Unit Root Test
The time series behavior of each of the series using the Augmented Dickey-Fuller (ADF) and PhillipsPerron (PP) Unit Root Tests results indicated that most of the variables were non-stationary and exhibited unit roots at level but all the variables showed stationarity at first difference (Table 2 and Table 3 ). Thus, all of them were integrated of order one, I (1) and ready for the cointegration test. 
Cointegration test
After determining the order of integration, the study endeavoured to establish whether the non-stationary variables were co-integrated i.e., describing a particular kind of long-run equilibrium relationship among variables. This study used Akaike Information Criteria (AIC) to determine the appropriate lag length.
In identifying the number of cointegration equation(s) among variables, Trace test and Maximum Eigen
Value test have been conducted (Table 4 , 5, 6 and 7).
However, results of the trace test and the maximum eigen value test suggested the presence of cointegrating equation(s) between the selected variables at the significance level of 5 per cent. This implied a long-term relationship among the variables.
Next, the first normalized equation summary showed the long-term relationship LP and other explanatory variables (Table 8) The positive co-efficient of gross fixed capital formation was found as expected but the co-efficient for human capital was negative which is not expected and cannot be accepted. The positive relationship between LP (Table 8) implies that additional capital stock increases LP. The population growth rate along with depreciation rate showed the positive relationship with LP. Although there are both positive and negative view regarding the relationship of population growth rate with GDP growth (Coale and Hoover, 2015) , population growth can bring positive growth to GDP for developing countries (Dao, 2012) like Bangladesh with 1.08 % population growth rate, 29% young dependency ratio and only 5% old dependency ratio.
In the final attempt, to choose the appropriate model, we investigated whether the marginal effect of ln on ln y is positive or not. We computed the marginal increase in ln by increasing ln as follows:
The sufficient condition of positive (negative) effect is α > 0 (α < 0). If this condition is satisfied, marginal increase of ln is positive (negative) even in case ofln = 0. In addition, under the condition ofα > 0, the larger the ln is, the larger the marginal effect of remittance is. Under this condition, the model satisfying α = 0 and α ≠ 0 is inappropriate and therefore Model 2 and Model 4 are not correct. Therefore, to explain the effect of remittance on LP, we chose Model 1 and Model 3 under consideration. However, because in Model 3 the coefficient of human capital is negative, Model 3 is inappropriate. Finally, Model-1 in the absence of remittance square and human capital is the appropriate model to express the long run impact of remittances on growth.
The implication of this finding is that remittance positively affects LP; new inflows of remittances accelerate LP, evidence of a linear relationship. This can be an outcome of savings by the remittance for household and investment in productive sectors for capital accumulation. Therefore, our findings are against the hypothesis of Chami et al, (2005) and Barajas et al, (2009) who suspected the role of remittances for capital accumulation. However, this study attempted to investigate the non-linear behavior of remittances but did not find enough evidence to conclude such inference as explained by Al-Mamun et al, (2015) . This difference might be due to choice of different growth model. Moreover, the human capital added growth model did not show expected result. We found that investment effects of remittances in capital deficient economy of Bangladesh, is strong as supported and explained by Stark and Bloom, (1985) for developing countries in general. So, our findings differs significantly with the findings of Chami et al, (2003) which supported the view of moral hazard problem of remittances as they found negative effect of remittances on growth. In addition, our study verified the findings of Al-Mamun et al, (2015) that found inconclusive results for Bangladesh on the growth impact of remittances in the long-run.
Conclusion
This paper observed the long-run impact of remittances on LP of Bangladesh. The study has found a significant positive effect of remittances to increase domestic LP but no significant positive relationship of government expenditure for education on LP. However, the positive and significant parameter of remittances implies that remittances contribute positively to domestic LP. The result showed the direct relationship between remittances and LP through physical capital accumulation. The result supported the view that migrant household saves a portion of remittances inflows to raise investment that facilitates productive assets accumulation (Adams, 1998; Chiodi et al, 2012) . Therefore, to increase the positive effect of remittances on LP, efforts should be undertaken to increase remittances flows and channeled them to productive sectors. Furthermore, the government should explore more international markets for keeping the growth of migration. Further research is required to find an appropriate model for investigating human capital augemented growth model for remittances.
